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a vacuum must occur before fragmentation. Re- 
cently, detection limits of low picograms in the full 
scan mode, and low femtograms in the selected-ion 
mode, were obtained using a coupled SFC-high 
resolution mass spectrometer system [9], 

Sample introduction is the most difficult aspect 
of trace analysis in SFC. The sampling modes most 
widely used require splitting of a set volume deliv- 
ered from a high pressure sample loop. This re- 
quires rather highly concentrated samples. 
Recently, solute focusing methods utiUzing a reten- 
tion gap, analogous to such methods used in capil- 
lary gas chromatography, have been applied in 
capillary SFC [10]. Proper manipulation of pres- 
sure and temperature is essential to achieving good 
chromatographic performance upon injection of 
large sample volumes. With l-|xL injection vol- 
umes, sub-ppm concentrations can be detected us- 
ing an FID, and much greater detection Hmits can 
be achieved using more selective detectors. 
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From its humble beginnings in 1975 [1], ion chro- 
matography has grown and expanded its scope to 
the extent that the term ion chromatography may 
no longer adequately describe the technique. As 
initially conceived, ion chromatography was con- 
figured with an ion exchange separation, followed 
by an ion suppression system to permit electrolytic 
conductivity detection of the analyte without over- 
whelming background from the eluent. This 
patented configuration found its best application in 
the determination of anions at trace (1-100 /j,g/mL) 
levels, an area long in want of a fast, accurate and 
reliable method. Some cations, specifically the al- 
kali and alkaline earth metals, were also deter- 
minable in the early days, but it was the capability 
to determine anions that drove the technique's pop- 
ularity. 

Soon, variations to the original concept were in- 
troduced, notably suppressorless or single column 
ion chromatography [2], and new types of detec- 
tors for ion chromatography. Amperometric and 
uv/visible spectromefric detectors have gained 
wide acceptance, especially in the determination of 
metals. Considerable effort was put into resin re- 
search to improve the sensitivity and resolution of 
the technique and to extend its capabilities to more 
ionic species. In some cases, ion exchange was no 
longer the dominant retention mechanism for the 
separation of various species. Hence, the term ion 
chromiitography now is used to categorize any 
self-contained procedure based on chromato- 
graphic separation of ions followed by detection 
and qiiatitificulion. 

To typify the advances made in ion chromatog- 
raphy by noting recent work in the field at NBS, 
the detection limits for anion ion chromatography 
have dipped below 1 iig/mL for species such as 
sulfide and cyanide with amperometric detection, 
without preconcentration [3,4], 

In other work, a method has recently been de- 
veloped to determine alkali and alkaline earths in 
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the pg/mL range with in-line preconcentration [5], 
During the development of this method at NBS, 
the factors investigated included: composition of 
the eluents, interference due to impurities in the 
delivery liquid and the possible means of eliminat- 
ing them with a laboratory-packed trap column, 
and a comparison of suppression efficiencies be- 
tween two types of suppressors. This method was 
used for the determination of Mg+^ and Ca"^^ in 
SRM 2694, Simulated Rainwater, with precisions 
and accuracies better than 2% relative [5], 

The frontier for ion chromatography is transition 
metal analysis with ongoing research along many 
fronts. New resins are being introduced and are be- 
ing coupled to exotic detectors. The era of "hy- 
phenated" techniques is burgeoning with ion 
chromatography showing up as the front-end sepa- 
ration method of choice. Recent work at NBS has 
coupled ion chromatography with direct current 
plasma emission spectrometry for the determina- 
tion of phosphorus in copper-based alloys [6], 

Future challenges for ion chromatography will 
be to enhance further its capabilities through im- 
proved speed, sensitivity, and resolution. Specia- 
tion of metals as a function of oxidation state and 
complexation will be an important goal. Innovative 
resins and a new generation of detectors will have 
to be developed. Fundamental research into the re- 
tention mechanisms leading to the separation will 
be essential. 

In conclusion, ion chromatography has proven 
itself an invaluable tool to analytical chemistry. Its 
ultimate advantages will lie in its versatility and its 
capacity for ultra-trace analyses with minimal con- 
tamination and total automation. 



References 

[I] Small, H„ Stevens, T. S., and Baumann, W. C, Anal. Chem. 

47, 1801 (1975), 
[2] Gjerde, D. T., Fritz, J. S., and Schmuckler, G., J. Chrom. 

186, 509 (1979), 
[3] Han, K., and Koch, W. F., Anal. Chem. 59(7), 1016 (1987). 
[4] Koch, W. F., J. Res. Natl. Bur. Stand. 88, 157 (1983). 
[5] Han. K., and Koch, W. P., LC-OC 6, 56 (1988). 
[6] Epstein, M. S.. Koch, W. F., Epler, K. S., and O'Haver, T. 

C„ Anal. Chem. 59, 2872 (1987). 



Quantification of Toxic Chemicals 
in Selected Human Populations 

J. S. Holler, D. G. Patterson, 
and S. J. Smith 

Center for Environmental Health 

and Injury Control 

Centers for Disease Control 

Public Health Service 

U.S. Department of Health and Human Services 

Atlanta, GA 30333 

The evaluation of risk posed by toxic chemicals 
to human populations requires a knowledge of the 
toxicity of compounds and the extent of human ex- 
posure to the compounds. The best estimate of ex- 
posure is obtained by measuring chemical residues 
or metabolites in biological samples and extrapolat- 
ing the measurements to body burdens in study 
populations. Analytical methods developed at the 
Centers for Disease Control (CDC) typify the labo- 
ratory techniques needed to support epidemiologic 
studies. In these procedures, specific sample prepa- 
ration techniques are used to isolate the target com- 
pounds, which are then measured by capillary gas 
chromatography combined with mass spectrome- 
try. Many problems must be solved for these tech- 
niques to be apphed successfully. Quality control 
materials must be generated that closely mimic ac- 
tual specimens and that contain target analytes at 
appropriate concentrations. Sample contamination, 
both from internal and external sources, can be a 
major difficulty. The lack of analytical standards is 
usually a continuing problem for the analytical 
chemist, and a successful synthesis program can 
minimize this problem. Interpreting analytical re- 
sults at or near the system's limit of detection poses 
more problems. Techniques must be developed to 
translate sample concentrations into valid estimates 
of total body-burden values. 

A recent study in which chlorinated phenols and 
phenoxy acid herbicides in urine were measured 
exemplifies typical laboratory challenges in trace 
analysis. In this study, we compared children living 
near a chemical manufacturing site with a control 
group of unexposed children. An extensive sample 
preparation included acid hydrolysis, extraction 
with benzene, derivatizatioti with diazoethane and 
column chromatography cleanup. The more vol- 
atile compounds are quantified by capillary column 
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